Thus, the ARC and AVPV kisspeptin neurons are considered to mediate estrogen negative and positive feedback effects on GnRH/gonadotropin release and therefore they are suggested to govern GnRH/gonadotropin pulses and surges, respectively 10, 11, 13 Hypothalamic kisspeptin neurons are suggested to be hub neurons that receive inputs from other neurons to mediate the influence of the exogenous or endogenous environment on reproduction through controlling GnRH release. Indeed, leptin receptors are expressed in the ARC kisspeptin neurons and these receptors are suggested to be involved in the facilitation of the ARC kisspeptin neurons under a high available nutritional status 14 because the secretion of leptin, an anorexigenic hormone from the adipose tissue, is stimulated by food intake to exert several physiological roles, such as the inhibition of feeding behavior and the facilitation of gonadotropin release. 14, 15 Furthermore, the authors' previous study showed that glutamatergic agonists, which are potent stimulators for gonadotropin release, failed to stimulate luteinizing hormone (LH) release in Kiss1 KO rats, 1 suggesting that kisspeptin neurons mediate the glutamatergic stimulation of gonadotropin release.
The present study aimed to investigate the upstream regulator candidates for the kisspeptin neurons located in the ARC. To this end, the receptors that are exclusively expressed in kisspeptin neurons were analyzed by using next-generation sequencing (NGS) on isolated visualized kisspeptin neurons that had been taken from the ARC of Kiss1-tdTomato heterozygous rats. In order to investigate the ligand-receptor signaling candidates that affect kisspeptin neurons, and consequently tonic GnRH/gonadotropin release, the focus was on the G-protein-coupled receptors (GPCRs) that were highly expressed in the ARC kisspeptin neurons. The NGS analysis revealed that considerable levels of calcitonin receptor (CALCR) messenger (m)RNA were expressed in the ARC kisspeptin neurons in the Kiss1-tdTomato female rats. Thus, the localization of Calcr in rat forebrains was investigated and it was examined if Calcr is co-expressed in the ARC, as well as in the AVPV kisspeptin neurons, in female rats by using double in situ hybridization (ISH). posterior to the bregma) were obtained by using a cryostat on the day before ISH and then were stored at 4°C in PBS.
| MATERIALSANDMETHODS

| Animals
| ExpressionanalysisoftheG-protein-coupled receptorsinisolatedtdTomato-positivecellstaken fromKiss1-tdTomatorats
The ARC tissues were dissected out from the OVX Kiss1-tdTomato heterozygous rats. Acutely dissociated cells were prepared, as described previously, 17 with slight modifications. Briefly, the tissues were treated with 10 U/mL papain (Worthington, Lakewood, NJ, USA) for 50 min- dNTP mix, and 1 μL of Takara LA-taq DNA polymerase (Takara Bio). The products of the first-round PCR were fragmented and used to generate a library for the RNA-seq. Barcoded SOLiD 3' primers from the SOLiD RNA Barcoding Kit (Life Technologies) were used to distinguish between the samples. The library was sequenced by multiplex paired-end sequencing on a flow cell using the 5500xl SOLiD system (Life Technologies).
Mapping of the paired-end reads to the rat reference genome (RGSC 3.4
assembly) was performed. The mRNA expression levels were normalized by calculating the reads per kilo base per million mapped reads (RPKM)
for each mRNA. The mRNAs coding for GPCR were extracted from the RNA-seq data by using the rat GPCR dataset that had been obtained from the SEVENS GPCR database (http://sevens.cbrc.jp).
| InsituhybridizationforCalcr
In order to detect Calcr mRNA, a Calcr-specific digoxigenin (DIG)- 
| DoubleinsituhybridizationforCalcrandKiss1
In order to detect the Calcr and Kiss1 mRNA, the Calcr-specific DIG-labeled cRNA probe and the Kiss1-specific fluorescein isothiocyanate (FITC)-labeled cRNA probe (position 33-348; GenBank accession no. AY196983) that had been synthesized from the rat hypothalamic cDNA by using a FITC-labeling kit (Roche Diagnostics)
were used. Briefly, the sections were washed with PBS, treated with 1 μg/mL protease K for 15 minutes at 37°C, and then incu- 
| RESULTS
| DiscoveryofCalcrexpressioninthearcuate kisspeptinneuronsbyanext-generationsequencing analysis
The RNA-seq of kisspeptin neurons that had been derived from the and Gnrhr (encoding GnRH receptor) expression was detected in the ARC kisspeptin neurons in the rats. The CALCR is a member of a subfamily of the seven-transmembrane domain GPCR superfamily. Calcitonin, an endogenous ligand for CALCR 21 that is secreted from parafollicular cells of the thyroid gland, is known to be involved in regulating peripheral calcium metabolism during pregnancy and lactation in mammals [22] [23] [24] to protect the maternal skeleton by direct action on osteocytes to inhibit osteolysis. [24] [25] [26] Interestingly, previous studies demonstrated that a peripheral administration of calcitonin decreased the plasma LH and testosterone levels in rats. 27, 28 Furthermore, a central injection of a calcitonin family peptide hormone, such as calcitonin gene-related peptide, suppressed LH pulses in female rats. 29 It is reported that LH release is suppressed during lactation in rats and cows. [30] [31] [32] [33] These results suggest that calcitonin-CALCR signaling in hypothalamic kisspeptin neurons could be involved in the suppression of LH release in lactating animals, in which calcium availability for milk synthesis is essential, 24 and plasma calcitonin levels increase in humans and rats. 22, 26, 34 Thus, it is speculated that calcium availability could affect the reproductive function in mammals via the effect of calcitonin-CALCR signaling on the ARC and/or AVPV kisspeptin neurons.
| DistributionoftheCalcr-expressingcellsinthe forebrainofthefemalerat
| ColocalizationofCalcrandKiss1expression inthearcuatenucleusandanteroventral periventricularnucleusinthefemalerat
| DISCUSSION
Amylin has been demonstrated as another endogenous ligand for CALCR and it was originally found as a product in the pancreatic B cells. It is coreleased with insulin under hyperglycemic conditions or after feeding. 35 Amylin expression is also evident in the brain in rats. 36 Amylin is known to be capable of binding to CALCR, when it forms a complex with receptor activity-modifying proteins. 37, 38 Thus, amylin that was derived in the peripheral organs and/or brain could be involved in regulating GnRH/LH release via CALCR that is expressed in the hypothalamic kisspeptin neurons. It is demonstrated that a central injection of amylin inhibits sexual behavior in male rats. 39 Interestingly, amylin mRNA levels increased in the mPOA in rats at lactation, 40 during which LH release was profoundly suppressed. Taken together with the present study, these results suggest that calcitonin or amylin could exert an inhibitory role in GnRH/gonadotropin release via the activation of CALCR in the ARC and AVPV kisspeptin neurons.
The present study showed that a large population of the ARC Kiss1-expressing cells did not express Calcr. The ARC Kiss1-expressing cells without Calcr could be affected indirectly via the neighboring Kiss1-expressing cells because the authors' previous study showed that kisspeptin neurons in the ARC interact with each other via gap junctional connections in mice. 41 A number of
Calcr-expressing cells without Kiss1 expression in the ARC also was found. Those cells might be dopaminergic cells because the central and peripheral administration of calcitonin decreased the plasma prolactin levels in the lactating rats. 42 Thus, it is speculated that calcitonin and/or amylin could affect the tubuloinfundibular dopaminergic (TIDA) neurons, which in turn, might contribute to controlling prolactin release from the anterior pituitary during lactation.
Interestingly, GPR54 expression was evident in the TIDA neurons in rats, 43 suggesting that ARC kisspeptin and TIDA neurons could interact with each other through kisspeptin and CALCR signaling.
Furthermore, the Calcr-expressing cells in the brain regions close to the cerebral ventricles might have a role as an interface of peripheral and central interaction. Indeed, the circulating calcitonin is capable of binding to the CALCR around the ventricles. 44 Further studies are required to clarify the role of the CALCR around the ventricles.
In conclusion, the present study suggests that the ARC and AVPV kisspeptin neurons could be direct action sites of calcitonin and/or amylin and that the CALCR signaling might have a role in regulating GnRH/gonadotropin release because Calcr expression was evident in some of the kisspeptin neurons in these nuclei. Further studies are required to clarify if the CALCR signaling exerts inhibitory regulation of GnRH/gonadotropin release.
